artery was prominent and the peripheral pulmonary vascularity increased. In the posteroanterior projection ( fig. 2 ), a prominent vessel extended in crescentic fashion from the right hilum through the lower lung field to the level of the right hemidiaphragm (so-called scimitar sign). 4 The aorta was small, but normally placed. A phonocardiogram showed a constantly split second sound, the interval between the aortic and pulmonic components being 0.03 second.
Right heart catheterization performed via the right saphenous vein (table 1) showed an 8 to 10% step-up in the oxygen saturation at the atrial level. The catheter entered an anomalous vessel from the inferior vena cava, and the cineangiogram confirmed the entry of the vein into the Figure 2 Posteroanterior chest x-rays before (left) and 1 year after (right) surgical correction. The scimitar sign seen on the preoperative film is less distinct postoperatively, and there is a decrease in heart size. The right lung is normally aerated. Figure 3 Cineangiogram (left) and schematic representation of the angiogram (right). Dye was injected into the main pulmonary artery with the patient in the left anterior oblique position. The film has been reversed so that the schematic view of the vessels is not obstructed by overlying heart shadow and thus represents a right posterior oblique view.
The venous trunk (1) extends into both hemithoraces. On the left, it communicates with a venous chamber (2) which, in turn, receives the upper and lower lobar veins (3) and makes a sizable connection with the left atrium (4). On the right, the trunk receives the upper, middle, and lower lobar veins (5) and pierces the diaphragm to connect with the inferior vena cava (6 fig. 1) . Chest x-ray ( fig. 2) showed well-aerated lungs. The anomalous duct no longer extended to the level of the right hemidiaphragm. The heart was smaller than before surgery, mainly because of a reduction in the size of the right atrium. Phonocardiogram confirmed the physiological splitting of the second sound with loud aortic and quiet pulmonic components.
Discussion
Although total or partial anomalous pulmonary venous drainage is not uncommon, the existence of a common pulmonary venous chamber with multiple connections is distinctly unusual, and to our knowledge, no case identical to this one has been reported. When one reviews the embryology of the pulmonary circulation, it is easy to understand how such a situation could arise and surprising that it does not do so more frequently. The precursor of pulmonary veins develops as an outgrowth from the medial superior wall of the left auricle5 or sinoatrial region of the fetal heart.6 The primordial pulmonary vein unites with the angioblastic plexus of the developing lung bud, which has widespread connections with the precardinal and postcardinal systems and the umbilico-vitelline system. The former eventually forms the superior vena cava, innominate veins, azygos system, and coronary sinus. The latter becomes the portal vein, ductus venosus, and "hepatic" portion of the inferior vena cava.7 8 Later these connections become obliterated, and as the atrial septum develops, the major branches of the common pulmonary vein become incorporated into the left atrium giving rise to the normal adult arrangement of four pulmonary veins opening into the left atrium.9 If this incorporation is incomplete, an additional chamber persists in the form of cor triatriatum.10 If the interatrial septum develops incompletely and further to the left than is normal, some or all of the pulmonary veins may enter the right atrium and a defect in the septum persists. On the other hand, if the primordial pulmonary vein fails to unite with the angioblastic plexus of the lung bud, blood must return to the systemic circulation through one of the connections of the latter, thus accounting for the usual types of supradiaphragmatic or infradiaphragmatic pulmonary venous anomaly. Apparently in our case, the common pulmonary vein failed to become completely incorporated into the left atrium and, in addition, the primitive connection to the umbilico-vitelline system persisted. The result of this double error was a common pulmonary vein receiving blood from both lungs and emptying into the left atrium and inferior vena cava. The existence of an accessory venous chamber and its anatomic relationship to the left atrium are reminiscent of cor triatriatum. In the absence of an obstructing diaphragm between the chamber and left atrium, one might be justified in viewing this aspect of the anomaly as a forme fruste of cor triatriatum. Because of considerable variability of the anatomic defect, several operations have been developed for the correction of infradiaphragmatic anomalous pulmonary venous return. Since bronchial or parenchymal abnormalities13 as well as derangements of arterial blood supply frequently accompany the venous anomaly, lobectomy or pneumonectomy may be necessary to relieve right heart overloading and to remove the source of chronic suppurative disease. 1l-3 When the lung itself is not diseased, surgery is directed toward reimplanting the anomalous vein into the left atrium, either directly14 or through a preexistent'5 16 or artifically created'17 18 atrial septal defect. Simple ligation of the anomalous vessel usually results in pulmonary edema or infarction or both."' 19 20 In our patient, however, the cineangiogram suggested that since an alternate pathway to the left atrium was already availble, such a measure would be well tolerated. Confirmatory evidence was afforded by the lack of pressure elevation in the anomalous vessel when it was temporarily occluded at the level of the right diaphragm and by the uneventful postoperative course. Potential risks of venous implantation, which were avoided include prolonged anesthesia and cardiopulmonary bypass,' technical difficulties, and subsequent torsion, kinking,19' 21 inadequacy, obstruction,3 or thrombosis2 of the anastomosis.
A similar operation was performed by Robicsek and associates" in the case of a large, bifurcated venous trunk which drained the lower part of the right lung, one branch communicating with the left atrium and the other with the inferior vena cava below the diaphragm. Ligation of the diaphragmatic branch was carried out and the left atrial branch was left intact. Although the precise anatomic and physiological abnormality could undoubtedly have been deciphered at the operating table in our case, as it was in that of Robicsek, preoperative angiograms Circulation, Volume XXXIV, July 1966 greatly simplified and substantially shortened the surgical procedure.
Summary
An anomaly of pulmonary venous drainage in an 8-year-old child is described whereby all four pulmonary veins emptied into a common chamber which in turn communicated with both the left atrium and the inferior vena cava. The venous anomaly and an accompanying atrial septal defect were demonstrated by selective cineangiocardiography. Ligation of the vein at the level of the right diaphragm, thus rerouting the entire pulmonary venous return through the alternate pathway to the left atrium, was tolerated without difficulty. The embryology, diagnosis, and surgical management of the anomaly are discussed.
